We analyzed ribosomal AT-L30 proteins from 11 type strains of wall chemotype IV actinomycete species which lack mycolic acids. The electrophoretic mobilities of the AT-L30 preparations from these strains, as determined by two-dimensional polyacrylamide gel electrophoresis, revealed that the genera Actinopolyspora, Amycolatopsis, Amycoluta, Pseudonocardia, Saccharopolyspora, and Saccharomonospora can be separated from each other on the basis of the relative electrophoretic mobilities of their AT-L30 proteins. Overlapping relative electrophoretic mobilities were observed only for the genera Amycoluta and Pseudonocardiu. The electrophoretic mobility of protein AT-L30 from Actinopolyspora mortivallis was similar to the electrophoretic mobility of Actinopolyspora halophila protein AT-L30 but not to the electrophoretic mobilities of the AT-L30 proteins of the reference genera. Our results confirm the taxonomic status of A . mortivallis as a species of the genus Actinopolyspora and illustrate the efficacy of ribosomal protein analysis in actinomycete taxonomy.
Ochi and coworkers recently used ribosomal protein analysis to investigate the taxonomy of actinomycetes and developed a novel method for classification and identification (10, 11, 13) . This method depends on the heterogeneity of ribosomal proteins in actinomycetes. For example, while there is striking variability in the electrophoretic mobilities of ribosomal AT-L30 proteins among genera of actinomycetes, the AT-L30 proteins appear to exhibit electrophoretic mobilities that are specific for each genus (12, 13) . On the basis of this observation, Ochi et al. (13) analyzed the AT-L30 proteins of members of the genera Actinomadura and Microtetraspora by using two-dimensional polyacrylamide gel electrophoresis (PAGE) and demonstrated that these genera can be separated by using the electrophoretic properties of the AT-L30 proteins.
The wall chemotype IV actinomycetes are a group of actinomycetes which contain meso-diaminopimelic acid, arabinose, and galactose in their cell walls. Among the wall chemotype IV actinomycetes, the genera Actinopolyspora, Amycolata, Amycolatopsis, Pseudonocardia, Saccharomonospora, and Saccharopolyspora are characterized by a distinctive property, Le., the absence of mycolic acids, and share a number of chemotaxonomic features (2) . The phylogenetic position of these mycolateless wall chemotype IV actinomycetes was recently investigated by using reverse transcriptase sequencing of 16s rRNA (1, 3, 4) , and Embley et al. (4) validly proposed the family name Pseudonocardiaceae for these taxa. In this study we attempted to apply our PAGE analysis method to the taxonomy of the family Pseudonocardiaceae. Also, we determined the mobility of the AT-L30 protein from Actinopolyspora mortivallis (14) in order to establish the taxonomic status of this new species.
MATERIALS AND METHODS
Bacterial strains. The strains used in this study are listed in (14) .
Preparation of total ribosomal proteins. The strains of Actinopolyspora halophila and Actinopolyspora mortivallis were grown at 40°C for 3 days (to late exponential phase) in a medium containing (per liter) 7.5 g of Casamino Acids, 10 g of yeast extract, 20 g of MgSO, . 7H,O, 3 g of sodium citrate (tribasic), 2 g of KCI, 200 g of NaCl, and 50 mg of FeSO, . 7H20; the pH of this medium was adjusted to 7.4.
Pseudonocardia thermophila was grown in SPY medium (10) at 37 or 55°C. Other strains (Table 1) were grown in SPY medium at 30°C as previously described (10) .
Two-dimensional PAGE. The method of Kaltschmidt and Wittmann (8) was used for PAGE, as described previously (10) . The gels were run two to three times for each ribosomal protein sample to confirm the reproducibility of the results obtained.
RESULTS

Two-dimensional PAGE analysis of ribosomal proteins.
All of the organisms examined were type strains ( Table 1 ). The ribosomal proteins of these mycolateless wall chemotype IV actinomycete strains were extracted with acetic acid and separated by two-dimensional PAGE. A few examples of the results obtained for type species are shown in Fig. 1 . Figure  1 shows that the electrophoretic mobilities of the AT-L30 proteins in the first dimension of gel electrophoresis differed among the species examined. The distances that the AT-L30 proteins moved in the first dimension in the original slab gels are shown in Table 1 . Table 1 also shows the electrophoretic mobility of the AT-L30 from each species relative to the electrophoretic mobility of Saccharomonospora viridis AT-L30, which exhibited the greatest mobility among all of the AT-L30 proteins from actinomycetes examined so far (12) .
The experimental error for the relative electrophoretic mobility (REM) defined in this way was at most 6%, as determined by several gel runs of the same sample. Table 1 shows that species belonging to the same genus exhibited similar REMs. In contrast, each genus displayed REMs that were distinct from those of other genera; the only exception was the genera Amycolata and Pseudonocardia, which had overlapping REMs. Although only two species were examined for each genus, our results agree with previous observations of similar REMs in the genera Streptomyces (REMs, 14.5 to 25.5), Streptosporangium (21.0 to 30.5), and Microtetraspora (-6.5 to 0) (12, 13). Thus, our results are additional phylogenetic evidence that mycolateless wall chemotype IV actinomycete taxa should be classified as distinct genera.
Analysis of AT-L30 protein from Actinopolyspora mortivallis. Until recently, the genus Actinopolyspora contained a single species, Actinopolyspora halophila (6). A second species was recently isolated and validly proposed by Yoshida et al. (14) . This new species was named Actinopolyspora mortivallis (type strain, JCM 7550) and was distinguished from Actinopolyspora halophila on the basis of physiological and biochemical properties and DNA relatedness. Both Actinopolyspora mortivallis and Actinopolyspora halophila are characterized by a requirement for a high concentration of NaCl for growth; the former is moderately halophilic, and the latter is extremely halophilic, requiring 15 and 20 to 30% (wthol) NaCl for optimum growth, respectively (7, 14). Although there is good evidence (14) that Actinopolyspora mortivallis should be classified in the genus Actinopolyspora, the taxonomic status of this new species needs to be confirmed by using additional methods. Therefore, we conducted an analysis of the AT-L30 protein from Actinopolyspora mortivallis. The AT-L30 of this new species had a REM of 42.5, which was very close to the REM of Actinopolyspora halophila AT-L30 (Table 1) . The difference in REM between Actinopolyspora halophila and Actinopolyspora mortivallis AT-L30 proteins was only 3.5, a value within the range (approximately 10) to be assigned to a single taxon (12). These results, together with the results of earlier physiological and biochemical studies, show that the new species Actinopolyspora mortivallis is correctly classified at the genus level.
DISCUSSION
The family Pseudonocardiaceae has been the subject of a number of 16s rRNA sequencing studies (1, 3, 4) . The results of these studies provide a framework for interpretation of the chemical heterogeneity found in the family. To create a sound basis for PAGE data for the family Pseudonocardiaceae, in this study we analyzed AT-L30 proteins from members of the genera of this family. The observed heterogeneity in AT-L30 proteins within the family reflects the results of previous investigations. Although the genera Actinopolyspora, Amycolatopsis, Amycolata, Pseudonocardia, Saccharopolyspora, and Saccharomonospora are closely related to each other, as determined by the presence of cell wall chemotype IV and the absence of mycolic acids, the results of our study, together with data from 16s rRNA sequencing studies (1, 3, 4) , support the idea that these taxa are separable at the genus level. Only one exception was found; this exception involved the genera Amycolata and Pseudonocardia, whose REMs fell into the same range (81.0 to 88.5) ( Table 1) . From a comparison of the REMs in the genera Streptomyces (REMs, 14.5 to 25.5), Streptosporangium (21.0 to 30.5), and Actinomadura (14.0 to 41.5), it is apparent that there is a great deal of overlapping in REMs between phylogenetically unrelated taxa (13) . On the other hand, the REMs of members of the genus Microtetraspora and the REMs of members of the genus Streptosporangium, which is closely related to the genus Microtetraspora as shown by the results of 16s rRNA analyses and by chemotaxonomic characteristics (5, 9), differ significantly (-6.0 versus 30.5) (13). Thus, further analyses, such as amino acid sequencing of AT-L30 proteins, will be required to clarify the phylogenetic relationship between the genera Amycolata and Pseudonocardia in the framework of ribosomal protein analysis. Also, amino acid sequencing analysis should be conducted for the genera Saccharopolyspora and Amycolatopsis, since these two taxa had similar REMs (Table 1) . A ribosomal protein(s) other than AT-L30 may be used for further differentiation if it provides a feasible marker.
One may argue that Actinopolyspora mortivallis (REM, 42.5) is more closely related to Actinomadura pelletieri, Actinomadura coerulea, Actinomadura luteofluorescens, and Actinomadura verrucosospora, all of which have an REM of 41.5 (13) , than to Actinopolyspora halophila (REM, 46.0). However, there is no need to allow for the genus Actinomadura in the classification of Actinopolyspora mortivallis, since this new species shares few chemotaxonomic features with the genus Actinomadura (14).
The phylogenetic tree for the family Pseudonocardiaceae, as shown by Bowen et al. (l) , reveals that the genera Amycolata and Pseudonocardia form coherent lines, indicating the close relationship of these two taxa. On the other hand, the genera Actinopolyspora, Amycolatopsis, Saccharopolyspora, and Saccharomonospora form distinct lines within the phylogenetic tree. Our ribosomal AT-L30 protein analysis also showed that there are overlapping REMs in the genera Amycolata and Pseudonocardia, but not in the other taxa examined (Table 1 ). In addition, the relatively small REMs of members of the genus Actinopolyspora (42.5 to 46.0) compared with the REMs of the members of the reference genera examined (66.5 to 100) may imply that the genus Actinopolyspora occupies an isolated position in the evolution of the family Pseudonocardiaceae, as previously pointed out by Embley et al. (4) . Therefore, the results of our AT-L30 analysis appear to be an accurate reflection of the results of the previous phylogenetic investigations of Bowen (4) . Thus, it is evident that ribosomal protein analysis, together with 16s rRNA analysis, will be very helpful in generating polyphasic taxonomies of actinomycete taxa. This new approach may prove to be effective, especially when classical taxonomic procedures are not by themselves sufficient to reach an unambiguous conclusion.
